Objective-To investigate the eVect of material deprivation on the winter rise in mortality and temperature dependent variations in mortality. Design-Ecological comparison of seasonal mortality at electoral ward level. Main outcome measures were ratios of winter to rest of the year mortality rates (seasonality ratios) and monthly deaths as the outcome variable in a model with monthly average temperature and Townsend score as main predictors. Setting-Croydon, London, United Kingdom.
Seasonal variations in mortality are well described in the United Kingdom and other industrialised countries.
1-3 Mortality in England and Wales rises by up to 20% in the period from December to March and this represents approximately 40 000 additional deaths a year. 1 4 Analyses in a number of countries show that outdoor temperature and influenza incidence are key determinants of excess winter mortality. [4] [5] [6] [7] Tackling inequalities in health is central to current UK health policy but there is a recognised deficit in our knowledge of its determinants and eVective interventions to reduce inequalities. 8 9 A widely held belief is that excess winter mortality is determined by socioeconomic deprivation and, in particular, fuel poverty. 10 11 The Acheson Report on Inequalities in Health in the United Kingdom has recommended action on fuel poverty to reduce inequalities in health. 12 International comparisons of seasonal mortality, which demonstrate greater excess winter mortality in the United Kingdom, support this belief. 13 Similarly social class analysis of routine mortality data and data from the OYce for National Statistics Longitudinal Study show a socioeconomic gradient in seasonal mortality. 1 14 However, other studies have questioned these findings and postulated alternate hypotheses that emphasise behavioural determinants or the importance of brief outdoor exposure to the cold. 15 16 DiVerences in the use of outdoor clothing and physical activity may explain international variations in excess winter mortality and the paradox that countries with colder winters experience lower levels of excess winter mortality. 15 There have been no detailed studies that have attempted to test the hypothesis that socioeconomic deprivation predisposes to excess winter mortality.
In this study, we attempt to test this hypothesis in a single district with marked variations in mortality. The restriction of analysis to a relatively small geographical area reduces the potential confounding eVect of geographical dispersion of the study population. Also, local data allowed the exclusion of deaths of nursing and residential home residents whose thermal environment is unlikely to be determined by socioeconomic circumstances.
Methods

STUDY DESIGN
The study used ecological comparison at electoral ward level of seasonality ratios and temperature dependent variation in mortality.
1 4 Seasonality ratios are a widely used quantitative description of the seasonal mortality. They are the ratio of mortality rates in winter (December to March) to those in the rest of the year multiplied by one hundred. Townsend scores were used as a measure of socioeconomic deprivation at ward level. 17 
SUBJECTS AND DATA SOURCES
Croydon is an outer London district with a population of one third of a million. Mortality data for Croydon residents for a six year period were available in the Croydon Mortality Database. 18 This contained details of 17 761 deaths including age, ward of residence, date of death, cause of death and whether the individual was a permanent resident in a residential or nursing home at the time of death. Complete data were available on 17 744 deaths and these were used in subsequent analyses.
Data from the 1991 census were used to calculate Townsend scores for each electoral ward based on the Croydon ward average. 17 Wards were allocated into deprivation quintiles based on these scores. Daily temperature data for London were obtained from the London Weather Centre and national estimates of quarterly influenza incidence, based on Royal College of General Practitioners spotter practice data, were extracted from OYce for National Statistics series MB2. Statistical analysis was undertaken with SPSS 6.1 for Windows.
CALCULATION OF MORTALITY RATES AND SEASONALITY RATIOS
Standardised mortality ratios and a test for trends in these ratios were calculated using standard methods. 19 Seasonality ratios were calculated for each ward and deprivation quintile from the ratio of crude winter and rest of the year mortality rates. Age and sex standardised seasonality ratios were calculated from the ratio of directly standardised death rates. 20 The ratio of directly standardised death rates is a consistent summary of age specific seasonality ratios for a population and take account of variations of seasonality ratios with age. Standardisation made little diVerence to ward seasonality ratios. The relation between standardised seasonality ratios and Townsend score at ward level was assessed using Kendall's rank correlation. 21 Analysis was performed before and after exclusion of nursing and residential home deaths.
TEMPERATURE DEPENDENT VARIATION IN
MORTALITY
Multiple linear regression was used to develop a model of monthly ward mortality, expressed as number of deaths per 30 day month. A square root transformation of the outcome variable was performed to normalise the residuals. Predictors in the model included average monthly temperature, Townsend score, population size, influenza incidence, and ward age structure. All models met the assumptions of least squared regression. The relation between temperature dependent variations in mortality and deprivation was tested by addition of a linear interaction term between temperature and Townsend score.
Results
DESCRIPTIVE EPIDEMIOLOGY OF SEASONAL MORTALITY AND INEQUALITIES IN MORTALITY
The seasonality ratio for Croydon for 1990 to 1995 was 119.7 (95% CI 116.1 to 123.4). In other words, mortality rates were 20% higher in the winter months of December to March compared with the rest of the year. This represents an additional 1084 deaths. Four hundred and sixty (42%) of these deaths were attributable to cardiovascular disease and 364 (34%) were attributable to respiratory causes. Overall mortality showed marked variation between aZuent and deprived wards (table 1) . This eVect was stronger after exclusion of residential and nursing home deaths.
SEASONALITY RATIOS AND DEPRIVATION
There was no evidence of a relation between Townsend scores and age standardised seasonality ratios (Kendall's = −0.066, p=0.63) (table 2). These results were not modified by exclusion of nursing and residential home deaths (Kendall's = −0.037, p=0.79) (table 2). Analysis of cardiovascular and respiratory deaths alone showed no evidence of a relation (Kendall's = 0.16, p=0.24 for cardiovascular deaths and = 0.15, p=0.29 for respiratory deaths).
TEMPERATURE DEPENDENT VARIATION IN MORTALITY AND DEPRIVATION
A model was developed that included average monthly temperature and Townsend score as predictors (table 3) There was no evidence of an interaction between temperature and deprivation in this model (table 3) . In other words, the eVect of temperature on mortality was not modified by deprivation. After exclusion of nursing and residential home deaths, this result was not changed (p= 0.83). A model that included an additional quadratic temperature term also showed no evidence of an interaction.
Discussion
This study confirms the relation between overall mortality and deprivation and the marked rise in mortality in winter but shows no evidence of a relation between deprivation and excess winter mortality. The study was based on the mortality experience of two million person years and should have been able to detect eVects of the magnitude previously described in social class based analysis.
1 This is the first detailed study that has examined the relation between deprivation and excess winter mortality and it tackles some of the potential problems in national analysis. In particular, this study is not subject to problems of geographical dispersion of the study population and was able to examine the eVect of a number of confounders. The main design issues are the validity of Townsend scores as a measure of fuel poverty and the adequacy of control for confounding factors.
VALIDITY OF THE MEASURE OF FUEL POVERTY
The hypothesis tested in this study is that socioeconomic deprivation predisposes to excess winter mortality. Socioeconomic deprivation is used as a proxy for fuel poverty that describes the inability of households to maintain adequate indoor temperatures because of economic and material circumstances. Seasonal mortality is primarily a phenomenon that aVects older people while measures of deprivation, such as Townsend scores, relate to the experience of younger people. However, in this study, Townsend scores were used ecologically and the assumption of this study is that areas defined as deprived contain a greater proportion of older deprived people subject to fuel poverty. The consistency of Townsend scores between censuses and low levels of migration by older people are likely to make this assumption valid. 22 23 Ideally, the measure of deprivation used in this study should reflect the determinants of fuel poverty, that is income, housing conditions and house size, among older people. Possible sources of such data in the United Kingdoms are social security benefit claims and data from housing condition surveys conducted by local authorities.
Irrespective of the validity of the measure used, ecological studies cannot definitively prove or disprove relation at the individual level. However, evidence from studies of deprivation and mortality in the United Kingdom suggest that relations at the ecological level reflect relations at the individual level. 24 
CONFOUNDING
This study was able to examine the confounding eVects of age, sex, and nursing and residential home deaths. The potential importance of nursing home deaths as confounders in the relation between deprivation and health has been previously described. 18 Control for these factors did not aVect the findings of this study. Possible unmeasured confounders in this study are air pollution and social isolation.
The relation between air pollution and seasonal mortality has been explored by other authors. They suggest that controlling for air pollution has little impact on temperature dependent variations in mortality. 25 Furthermore, in our study area, deprived areas were urban areas, which are likely to experience higher levels of air pollution. Thus, the confounding eVects of air pollution would increase any positive relation between deprivation and winter mortality.
Social isolation is a potential risk factor for excess winter mortality but, in our population, the proportion of older people living alone was positively associated with deprivation measured by the Townsend Score (Kendall's =0.37, p=0.006). Thus, social isolation would act as a positive confounder in this study.
IMPLICATIONS
The findings of this study are discordant with individual based studies and this may be the result of better control of confounding factors and the ecological study design. The results are, however, consistent with an analysis that failed to find a relation between central heating availability and seasonal mortality. 5 Similarly, a study of older people with unlimited access to home heating found that they experienced excess winter mortality to the same extent as other older people. 16 The simplest interpretation of our findings is that deprivation and fuel poverty do not predispose to excess winter mortality as outdoor exposure to the cold or responses to cold indoor temperatures, which are not related to deprivation, are more important determinants. This is consistent with findings from the Eurowinter study and studies of cold related mortality in Russia. 26 However, an alternate explanation is that people in deprived areas are more likely to adopt individual protective measures in response to fuel poverty that reduce its impact or that smaller, crowded accommodation in deprived areas may allow maintenance of adequate indoor temperatures.
There is a need for further study to understand the social and economic determinants of excess winter mortality. Individual based studies with large sample sizes are needed to detect differences in excess winter mortality between study groups. It is possible that existing datasets from large cohort studies may permit analysis of excess winter mortality by factors such as income or housing conditions including access to central heating with adequate control for confounding.
In conclusion, our study highlights that the determinants of excess winter mortality in the KEY POINTS x This study confirms the well established relation between deprivation and mortality and the importance of excess winter mortality as a contributor to overall mortality. x There is no evidence that excess winter mortality is greater in deprived areas compared with aZuent areas. x Better measures of deprivation and fuel poverty in older populations are needed. x The uncertainties over the determinants of excess winter mortality mean that interventions must continue investigating indoor and outdoor cold exposure and behavioural responses to cold weather as well as fuel poverty.
UK are still not adequately understood and that the potential for resolving inequalities in health through action on fuel poverty is not clear. An understanding of the determinants of excess winter mortality is important to guide policy initiatives that aim to improve the health and well being of older people.
